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Abstract
· Uveitisisoneofthemostimportantcausesof
blindnessworldwide.Itsetiologyandpathogenesisare
complicatedandhavenotbeenwellunderstood.The
treatmentforuveitisispredominantlybasedonsteroids
and immunosuppressants. However, systemic side
effects limit their clinical application. With the
advancementofmolecularbiology,someintravitreal
implantsandbiologicagentshavebeenusedforthe
treatmentofuveitis.Additionally,noveltechniquessuch
asgenetherapyandRNAinterferencearebeingstudied
forusingasuveitistherapy.Thispaperreviewsrecent
advancesinuveitistreatment.
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INTRODUCTION
U
veitisisthemostcommonformofintraocular
inflammationcausedbymultipleagents.Itmainly
affectstheyoungerpatientpopulationandleadstosignificant
visionloss
[1].Thisdiseasecanbeidiopathicorassociated
withinfectiousandsystemicdisorders.Inadditionto
corticosteroids,immunosuppressivedrugssuchas
methotrexate,mycophenolatemofetilandcyclosporineare
commonlyusedtotreatpatientswithsevereuveitis
[2-4],while
serioussideeffectslimittheir clinical application.
Fortunately,abetterunderstandingofthepathogenesisof
uveitisandthedevelopmentofmolecularbiologyhave
helpedtocreatemoreeffectivetreatmentapproaches
[5].This
paperreviewsrecentadvancesinuveitistreatment.
EFFECTS OF INTRAVITREAL DRUG
ADMINISTRATION
Inrecentyears,intravitrealinjectionofnon-steroidal
anti-inflammatorydrugs (NSAIDs)hasbeenunderclinical
investigationandsomearecommerciallyavailable.Baranano
[6] showedthatbothketorolacanddiclofenachave
potentanti-inflammatoryeffectsafterintraocularinjection
buttheyarerapidlyclearedby48h.Inanotherpilotstudyof
intravitrealinjectionofdiclofenacforthetreatmentof
macularedemaofvariousetiologies,theresultssuggested
thatintravitrealdiclofenaciseffectiveinimprovingthe
visualacuity
[7].Kim
[8] alsoreportedtheirexperienceof
intravitrealinjectionofketorolacinacaseseriesof10adult
patientswithchronicinflammationand/ormacularedema
whofailedtoprevioustreatmentorcouldnottolerate
corticosteroidsbecauseofadverseoculareffects.They
observedthatinflammationresolvedin2of2eyeswith
activeintraocularinflammation,andin4of8eyeswith
macularedema.Theyconcludedthata4 滋 gintravitreal
injectionissafeinoculardisease.
Currently,intravitrealinjectionofmethotrexatehasbeen
graduallyusedtotreatuveitis.Hardwig
[9]demonstrated
thatadoseof400滋gappearstobewelltoleratedandhave
positiveeffectsonthepreservationofvisualacuity.Taylor
[10] conductedastudytoinvestigatetheefficiencyof
intravitrealinjectionofmethotrexateandfoundthatin
patientswithuveitisanduveiticcystoidmacularedema
(CME),intravitrealmethotrexatecanimprovetheirvisual
acuityandreduceCME,andafurthermethotrexateinjection
hassimilarefficacyfortherelapseofinflammation.
Furthermore,astudypublishedbyBaeandLee
[11]confirmed
theefficacyofintravitrealmethotrexateinthetreatmentof
refractoryretinalvasculitisduetoBehcetdisease.Seveneyes
ofsevenpatientswithBehcetdiseasewereenrolledand
intravitrealinjectionof400滋gmethotrexatewasgiven
monthlyuntilvisualacuityandintraocularinflammation
werestable.Theirresultsrevealedthatsixpatientsshowed
anincreaseinvisualacuityby3ormorelines,and4patients
exhibitedadecreaseinfluoresceinleakage.Thelevelsof
IL-6andIL-8intheaqueoushumorweresignificantly
reducedat4weeksafterintravitrealmethotrexate.
Furthermore,afewstudieshaveshowedthattheintravitreal
corticosteroidimplantmaybeaneffectivetreatmentstrategy
forthelong-standinguveitispatients
[12].Thedexamethasone
(DEX)intravitrealimplantisabiodegradablesustained-
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releaseintravitrealdrugdeliverysystemwhichwillbring
highlevelsofthedrugdirectlytotheposteriorsegment,
whileminimizingsystemicabsorption
[13].AsingleDEX
implanthasbeenshowntoprovideclinicalbenefitsforupto
6monthsineyeswithintermediateorposterioruveitis.
Miserocchi
[14] describedtheirexperienceintreating
recalcitrantandseverecasesofnoninfectiousposterior
uveitiswith0.7mgDEXintravitrealimplant.Twelvepatients
wereenrolledandfollowedupfor9monthsfrominjection.
Outcomemeasuresincludeddecreaseinuveitisactivity,
improvementinvisualacuity,reductionofmacular
thickness,andoccurrenceofadverseevents.Theyfoundthat
uveitisactivitydecreasedinallthepatientsaftertheimplant.
Best-correctedvisualacuity(BCVA)improvedfrom20/80to
20/40.Themeancentralretinalthickness(CRT)improved
from496滋mto226滋m.Transientintraocularpressure(IOP)
elevationencounteredin3patientsaftertheimplantwhich
wascontrolledwithtopicalanti-glaucomatreatment.The
majoradverseeventinthestudywasvitreoushemorrhage
butclearedupafter1month.Taylor
[15] conducteda
retrospective,consecutivecaseseriesofpatients<16yearsof
agewhomaDEXintravitrealimplantwasusedtotreat
noninfectiousuveitisanddemonstratedagainthatthis
implantcanimprovethevisualacuityandreduceCME
effectivelyinpediatricuveitis.
Anotherimplant,thefluocinoloneacetonide(FA)implant
namedRetisert,hasalsobeengraduallyusedasanaddition
tothearmamentariumofmanagementofcomplicatedcases
ofuveitis.FAisacorticosteroidwith1/24thesolubilityof
DEXinanaqueoussolution,allowingsteroidreleaseovera
muchlongertimeperiod.TheRetisertisanon-
biodegradable,0.59mg sustained-releaseFAintravitreal
implant,designedtocontinuouslyreleasethedruginalinear
fashionoveraperiodofapproximately2.5years.To
evaluatetheefficacyandsafetyoftheFAintravitrealimplant
inpediatricpatientswithintractablenoninfectiousposterior
uveitis.ApilotstudywasperformedbyPatel
[16]onfour
patients(6eyes)aged<18yearswhohavefailedtoresponse
toconventionaltreatmentwithtopicalandsystemicsteroids.
Inflammationwaswellcontrolledinallsixeyesandvisual
acuityimprovedsignificantlyin3eyes.Twopatientswith
IOPspikeabove40mmHgultimatelyrequiredglaucoma
valveplacementforadequateIOPcontrol.Therewereno
instancesofvitreous hemorrhage,retinaldetachment,
postoperativeinfection. Meanwhile, thechartreview
conductedbyAllen
[17] stillshowspromisingresultsfor
theuseoftheRetisertimplantinnoninfectiousuveitis.They
considertheinjectionoftheFAintravitrealimplantsasa
usefultherapeuticmethodinpreventingvisionlossand
recurrenceofinflammation.Butconcernsfordevelopmentof
elevatedIOPandcataractremain.
Inthesametime,Arciune
[18] comparedthesafetyand
efficacyoftheFAimplantwiththeDEXimplantin
cases/patientswithnoninfectiousuveitis.Theyfoundthat
bothimplantsareeffectiveinpreventingrecurrenceof
noninfectiousuveitisandinimprovinginflammationand
BCVA.Thedifferenceliesineachimplant'sinherent
advantagesanddisadvantages.TheDEXimplantmayneed
repeatedimplantationduetothenatureofshorterdurationof
action,butithaslowerratesofinducingcataractprogression
andsecondaryglaucoma.TheFAimplant,ontheotherhand,
hastheadvantageoflongerdurationofaction,butithas
higherratesofcataractprogressionandincreasingIOP.
Ingeneral,theintravitrealimplantrepresentsavaluable
approachtouveitistherapyandtheuseofsustained-release
intravitrealcorticosteroidsdeliverysystemwillcontinueto
beanindispensablepracticeintreatingnoninfectiousuveitis.
Butpriortoplanningofclinicaltrialinhumans,thepossible
risksmustbecarefullyconsideredwithintervention.
OTHER NEW METHODS FOR UVEITIS
TREATMENT
BiologicAgents Recently,newdrugsthatmodifythe
immunesystem,whichemphasizelessimmunosuppression
andseemtobemoreeffective,havebeenavailablefor
treatingresistantuveitis
[19].Cytokinesplayanimportantrole
inpathogenesisofuveitisandcytokinesantagonistsarenow
increasinglybeingusedinvariousocularinflammatory
diseasestoavoidthesideeffectsoflong-termsteroiduseand
toinduceremissioninchronicdisease.
TNF-琢 AntagonistsforUveitis Tumornecrosisfactor-琢
(TNF-琢)isimplicatedintheearlypathogenesisofuveitis
andcaninducetheexpressionofchemokinesandadhesion
moleculestoprolonginflammation.TheuseofTNF-琢
antagonistshasrepresentedasignificantadvanceinthe
treatmentofrefractoryuveitis.
Adalimumabandinfliximabarebothmonoclonalantibodies
toTNF-琢 andhavebeenusedsuccessfullyinthetreatment
ofrheumatoidarthritis,psoriaticarthritis,andankylosing
spondylitis.Theyareeffectiveintreatinguveitisrelatedto
variousautoimmunediseases,systemicallyorlocally.
Thesystemicuseofadalimumab,afullyhumanized
monoclonalantibody,hasshownpromisingresultsin
controlling intraocularinflammation
[20-23].Furthermore,
D侏az-Llopis
[24] evaluatedtheefficacyofsixmonthly
adalimumabsubcutaneousinjectionsforrefractoryuveitisin
131patients.Theresultsshowedthatadalimumabeffectively
decreasedinflammatoryactivityinrefractoryuveitisandmay
reducesteroidrequirementafter6monthsoffollow-up.
However,Androudi
[25] reportedthatintravitreal
adalimumabshowednoefficacyinimprovingBCVAorin
reducingCRTinpatientswithchronicuveiticmacular
edema.
703InfliximabisachimericmonoclonalantibodytoTNF-琢 and
hasbeensuccessfullyusedintreatinguveitisrelatedto
autoimmunediseases
[26,27].Iwata
[28] reportedtheefficacy
ofinfliximabsystemicallycombinedwithmethotrexatefor
suppressingtheinflammationinrefractoryentero-Behcet's
diseasepatientsrefractorytoconventionaltherapies.They
treatedtenpatients (threemenandsevenwomen)with
infliximabat3-5mg/kgbodyweightevery8weeksthereafter
incombinationwithMTX.Allpatientsshowedimprovement
ofgastrointestinalsymptomsand disease- associated
complicationswithin4weeksandileocecalulcerations
disappearedin9of10patientsat12months.Furthermore,
corticosteroiddosewassignificantlyreducedfrom22.0mg/d
to1.8mg/dat24months.Nosevereadverseeffectswere
observedduringthe24monthsoffollow-up.
Meanwhile,thetechniqueofintravitrealTNF-琢 antagonists
hasalsobeengraduallyappliedfortreatingnoninfectious
uveitis
[29].Farvardin
[30] assessedthesafetyandlong-term
effectsofintravitrealinfliximabonchronicnon-infectious
uveitis.Theytreated10eyesof7patientswithchronic
persistentnon-infectiousuveitiswhowerenon-responsiveto
conventional medications.Allofthe patientswere
given/administratedintravitrealinjectionof1.5mg/0.15mL
infliximabandfollowedupfor6months.Thestudyshowed
thatintravitrealinfliximabisavaluableoptionforimproving
the visualacuityanddecreasingthe central macular
thicknessbutitseffectisonlytemporary.Wu
[31]
reportedtheirexperienceoftreatmentwithintravitreal
infliximabinacaseseriesof7patientswithrefractoryCME.
By6monthsoffollow-up,thevisualacuityofthesepatients
improvedandthemacularthicknesswasreduced.Butin
anotherstudy,Giganit
[32] demonstratedthatlow-dose
(0.5mg/0.5mL)intravitrealinfliximabwasnotwelltolerated
andwasbothimmunogenicandprobablyretinotoxic.Pulido
[33] alsosuspectedrisksofintravitrealinfliximabmay
outweighthebenefits.Therefore,notonlycontrolledmasked
studiesarewarrantedtodeterminetheoptimaldosageand
durationofthetreatment,butalsoitsadversesideeffects
shouldbecarefullymonitored.Furtherdataandmoreclinical
trialsarestillnecessarytofullyunderstandtheirefficacyand
potentialsideeffects.
OtherBiologicAgents EarlystudiesconfirmedthatTcells
playcentralrolesinimmuneresponse.Thefullactivationof
Tcellsdemandstwospecialsignals,oneofwhichisthrough
co-stimulatorymolecules.Thecharacterizedco-stimulatory
signalingsystems,clusterofdifferentiation-28(CD28)onT
cellsandtheirligands,CD80andCD86onantigen-
presentingcells,arecriticaltoTcellactivation.Abatacept,a
solublefusionproteinwhichefficientlybindstoCD80/CD86
on antigen-presentingcellsandblocksthe CD28
co-stimulatorysignal,caninhibittheinteractionbetweenthe
CD80/CD86andCD28and,therefore,resultinTcell
inactivation.Recentliteratureincreasinglysuggeststhat
abataceptmaybeusefulforcontrollingocularinflammatory
associatedwithrefractoryjuvenileidiopathic arthritis
(JIA)
[34-37].
TherecentsuccessintreatmentofBehcetdiseaseswith
rituximab,achimericmonoclonalantibodydirectedagainst
theB-cellmarkerCD20causingdepletionofCD20-Bcells,
indicatesthatBcellsmayhaveamuchbroaderroleinthe
pathogenesisof autoimmuneuveitis
[38,39]. The
pathomechanismofJIA-associateduveitisremainscomplex,
butinflammatorycellinfiltrationintheirisandciliarybody
hasbeenreportedandwasfoundtobepredominantly
CD20-Bcells.Studiesarecurrentlyongoingandhave
providedfurtherevidencethatrituximabagainsttheCD20
antigenmayrepresentarescuetherapyoptionforsevere
JIA-associateduveitisrefractorytoimmunosuppressionand
TNF-琢 inhibitors
[40-42].
GeneTherapy Althoughtheintroductionofbiologicagents
suchasTNF-琢 antibodiesprovidesanewtreatmentregimen
forpatientswithrefractoryuveitis,therearestillsome
patientswhodonotrespondtothebiologicaltreatment.
Genetherapymaybedeemedtobeatreatmentalternativein
patientswiththemostaggressiveformsofinflammatory
oculardiseasesbydirectlymodifyingocularcellgenesthat
encodeproteinscapableofdownregulatingthe
pro-inflammatorycytokine.Oculargene therapyoffers
advantagesoverbiologicagentsbymediatinglongterm
therapeuticgeneexpressionwithoutthepotentialriskof
systemicsideeffects.Recently,remarkableprogresshas
beenmadeinthedevelopmentofthisnewtechnologyin
otheroculardiseases
[43-45].
Thecytokinesinterferonalpha(IFN-琢),interleukin(IL)-10
andtheIL-1receptorantagonist(IL-1Ra)haveallbeen
demonstratedtohaveanti-inflammatoryeffects.Afew
reportshaveshownthatgenetherapywithvirusvector
encodingthe IL-1RaorIL-10genecansignificantly
ameliorateexperimentaluveitis
[46,47].Furthermore,Tsai
[48] investigatedtheeffectivenessofadeno-associated
virus2 (AAV2)-MediatedSubretinalGeneTransferof
humanIFN-琢 inexperimentalautoimmuneuveoretinitis
(EAU),aclassicmodelforhumanuveitis.Theyinjectedinto
B10RIIImicesubretinallyattwodoses (1.5伊10
6 vg,
1.5伊10
8 vg).Theresultsshowedsubretinalinjectionofboth
dosessignificantlyattenuatedEAUactivity,andthehigher
doseofAAV2.hIFN-琢 strikinglysuppressedlymphocyte
proliferationandIL-17production.Inanotherstudythey
investigatedwhethersubretinalinjectionofbothAVV2.
IFN-琢 andAAV2.IL-4hadastrongerinhibitiononEAU
activity.TheyfoundthatAAV2.IL-4showedabetter
therapeuticeffectwhencomparedwithAAV2.IFN-琢.The
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combinationofAAV2.IL-4andAAV2.IFN-琢 wasnot
significantlydifferentcomparedtoAAV2.IL-4alone
[49].
IL-27hasbeenconsideredtobeaneffectiveinhibitorofboth
Th1andTh17responsesandmaysuppresstheongoing
processoftheinflammatoryreaction.Shao
[50] treated
EAU inB10RIIImicewith subretinalinjectionof
AAV2-murineIL-27p28vector.Thetreatmentledtopositive
therapeuticoutcomesbydecreasingIL-17expressionand
increasingIL-10expression.The transgeneshoweda
sustainedhighexpressionfromday14to9months.The
experimentssuggestedthattheinhibitoryeffectonthe
developmentofuveitisismediated alocalandnotdue
toasystemiceffect.Thisstudysuggeststhatgenetherapyis
anidealapproachtocontrolEAUinmicewhichcouldavoid
thepossibilityofsystemicimmunosuppressivesideeffects.
Althoughgenetherapyisaveryattractivetherapeuticoption,
genetherapyappliedtouveitisremainsachallenge,because
itssuccessishighlydependentonthegenedeliverysystem
andonthestabilityoftransgeneexpression.Moreover,
intravitreal administrationof AAVvectorscanelicit
neutralizingantibodiesagainstthevectorcapsidwhichwill
decreasetheefficiencyoftherapeuticgenetransfer.Besides,
theresultsfromtheanimalmodelcannotbeapplieddirectly
tohumandiseases.
RNAInterference RNAinterference(RNAi),apowerful
toolforgenesilencing,isaprocesswithinlivingcellsthat
moderatestheactivityoftheirgenes.Small-interferingRNAs
(siRNAs)bindtothespecificmessengerRNA(mRNA)
moleculesanddecreasetheiractivityortriggermRNA
degradationtopreventmRNAfromproducinginflammation
proteins.RNAihasbecomeavaluabletechnique,bothin
biotechnologyandmedicine.ThefirstclinicaltrialsofRNAi
weredirectedatthetreatmentofage-relatedmacular
degeneration(AMD)andrespiratorysyncytialvirus
infection
[51,52].Nowadays,RNAihasbeenshowntobeof
greatvalueindecreasingocularinflammation.
Choi
[53] appliedsiRNAstargetingtheTNF-琢 mRNA
sequence(TNF-琢 siRNAs)toinhibitTNF-琢 functioninan
Bechet'sdisease-like(BD)mousemodeland
demonstratedsignificantefficacyofintraperitonealdelivery
ofTNF-琢 siRNAstoimproveinflammatorysymptomsby
reducingtheoverallexpressionofTNF-琢.Foreachmouse,
20mglongTNF-琢 siRNAin100mLRPMImediaor
100nmol#3TNF-琢 siRNAwasinjectedintraperitoneally
twicewitha1-weekinterval.Tocomparetheefficacyof
TNF-琢 siRNAversusananti-TNF-琢 antibody,symptomatic
miceweretreatedwithinfliximabwhichwasintravenously
injectedonlyonceat150mg/mouseorwithetanerceptwhich
wasinjectedsubcutaneouslytwiceperweekat25mgper
mouse.TheyfoundthatTNF-琢 siRNAactedmorerapidly
andmoreeffectivelythaninfliximabinimprovingBD
symptoms.InTNF-琢 siRNAgroup,improvementshowedat
9 依7dafterinjectionand15 依4dininfliximabgroup.The
recurrencewaslateinthesiRNA-treatedgroupcomparedto
theinfliximab-treatedgroup,butstatistically,notdifferent.
Andthetherapeuticefficacyofetanerceptwassimilartothe
infliximabbutitsdecreasingcapabilityfortheserumlevels
ofTNF-琢 wasdelayedmorethansiRNAorinfliximab.
ThesefindingshighlighttheadvantagesofsiRNAstreatment
overbiologicagentsforlongtermandmoreeffectively
therapeuticeffects.
Sincetheinducibleco-stimulator(ICOS)isupregulatedin
experimentalautoimmuneuveoretinitis(EAU),Hou
[54]
treatedEAUwithintravitrealinjectionoftherecombinant
plasmid(pRNAT-U6.1/Neo-ICOS)fortheICOSsiRNA.
TheICOSgeneexpressiondecreasedbothatthemRNAand
proteinlevels.Moreover,theocularinflammationdecreased
remarkablyinthetreatedrats'eyes.Theyreportedthat
intravitrealinjectionoftherecombinantplasmidpRNAT-U6.
1/Neo-ICOSissufficienttocontroltheocularinflammation
withoutanyinterferencewithsystemicimmunosuppression.
Osteopontin(OPN)hasbeenconsideredtoactasa
pro-inflammationcytokinetopromotetheTh1response,
whichcontributestotheproductionofIL-12andIFN-酌.One
animalstudyconductedbyIwata
[55] hasshown
promisingresultsindicatingthatOPN-siRNAtreatmentcan
beapplicabletoautoimmuneuveitis.Theydeliveredthe
OPN-siRNAintotheEAUmicetodown-regulateOPN
expressionwithamodifiedhydrodynamictransfection
method.TheplasmaOPNlevelsintheOPN-siRNA-treated
groupweresignificantlylowerthanthoseinthecontrol
group.Furthermore,thecytokinesTNF-琢,IL-2andIL-17in
theplasmawerealsodecreased.Accordingly,theclinical
andhistopathologicalscoresofEAUweresignificantly
reducedinthetreatmentgroup.Thepilotdatawillhelpdrive
futuretrialsinuveitis.
Inconclusion,withtheadvancementofmolecularbiology,
moreandmoretherapeuticagentsandapproacheshavebeen
appliedandwillcontinuetobedevelopedforcontrolling
ocularinflammation.Butthereisstillalongwayuntilthe
immunobiologyofautoimmuneuveitisbecomesclearand
largerstudiesarealsoneededforassessingboththesafety
andefficacyofthesenewtreatmentoptions.Furthermore,
keyimprovementsarerequiredtoachievepractical
managementinthe treatmentofuveitisinhumans.
Nevertheless,wefirmlybelievethatthefutureisverybright
andalloftheeffortswemakewillbeofgreatbenefittoall
patientswithuveitis.
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